D r a f t poplars being used for biofuels. We employ a choice experiment to provide alternative outcomes 23 to policy scenarios and to investigate differences among characteristics of respondents. Overall, a 24 majority of respondents voted in favour of policies that allowed improved poplars on public land, 25 if fibre is used to generate biofuels. Adding biofuel production to a policy scenario increases the 26 probability of acceptance by 17-32%. In contrast, the various types of breeding technology do 27 not matter as much regarding public acceptance. Responses differ among segments of the 28 population, but these differences do not greatly influence choices. Attributes that increase the 29 probability of acceptance are: being a male, being from Alberta, and being from a population 30 centre of 10,000-100,000 people (relative to centers > 100,000). Attributes that decrease the 31 probability of acceptance are: age, being from British Columbia, and being from a population 32 D r a f t
Introduction

39
Genomic and tree-breeding research has been conducted in hopes of achieving a variety 40 of desired outcomes, including pest-resistance, climate-change adaptation, or increasing wood 41 quality and volume (Genome Canada 2014). One specific project, POPCAN, aims to harness 42 genomic information to improve the suitability of poplars (Populus Spp.) as a cellulosic biofuel 43 feedstock (Genome British Columbia 2014). Canadian demand for biofuels is being spurred by 44 the Government of Canada's 2010 Renewable Fuel Standard, which requires an average of 5% 45 renewable alcohol be blended into gasoline fuel to mitigate greenhouse gas emissions (Minister 46 of Justice 2013). Though the requirements of the standard are currently being met with ethanol 47 made from corn and wheat, there are ethical concerns about using food for fuel, as it results in 48 higher food prices (Pimentel et al. 2009 ). If a new cellulosic ethanol industry were to emerge, 49 fibre from forest resources could contribute towards meeting the requirements of the Renewable 50 Fuel Standard. Poplars may become an even more attractive ethanol feedstock moving forward, 51
with Canadian pulp and paper production in decline (Bogdanski 2014 ) and an abundance of 52 public forest land in Canada. 53 As genomics research may have transformative impacts on society, Genome Canada uses 54 a framework examining such research on ethical, environmental, economic, legal, and social 55
(GE 3 LS) grounds (Genome Canada 2015). This component of genomics research is essential in 56
identifying and understanding challenges and opportunities related to applications of genomics, 57
and therefore the feasibility of these applications coming to fruition. For the case of POPCAN, 58 assuming appropriate technology can be developed, using forest sources for biofuel feedstock 59 could be controversial. In Canada 93% of forested land is publicly owned, which is subject to 60 regulations regarding the types of trees that may be planted (Natural Resources Canada 2012) . 61 D r a f t Specifically, most provinces seek to re-establish forests similar to ones harvested, by requiring 62 that trees planted on public land come from seed collected within a certain range of the planting 63 site. For example, 90 seed zones are defined in Alberta (Alberta Environment and Sustainable 64
Resource Development 2009). Such systems preclude the use of genomics technology which 65 relies on creating improved varieties from limited sources of parent material for widespread 66 planting. Therefore, forest policy would need to change to allow these new trees to be planted on 67 public lands. 1 
68
If POPCAN research were to be applied on Canadian public land, a variety of different 69 outcomes could be realized. On one hand, POPCAN could result in a more prosperous forest 70 industry and could aid Canada in reducing greenhouse gas emissions. On the other hand, 71
replacing large portions of public land with non-native trees could result in genetic flow from 72 improved poplars to native poplars, resulting in uncertain environmental consequences (Guigou-73 Cairas 2008). Public perceptions of the technology used to create improved poplars, and its use 74 on public lands, will likely be important factors influencing future public land forest policy, 75 which will ultimately determine the extent to which poplar genomics technology is adopted in 76
Canada. 77
1 Another option could be to establish poplar plantations on private agricultural lands.
However, such a practice could re-ignite concerns regarding food for fuel tradeoffs. Moreover, financial analysis indicates that, given current end product prices and costs, poplar plantations will have a difficult time competing with agriculture for land (Shoostarian 2015) .
D r a f t
This paper seeks to measure public preferences for planting various types of hybrid or 78 genetically improved poplars on public land in the four western Canadian provinces. To assess 79 public preferences, a number of hypothetical policies surrounding tree breeding and biofuel 80 production were developed, along with estimates of their potential effects. The policy options 81 and associated effects were presented to representative samples of provincial residents using 82 internet panel surveys. The respondents were asked to vote between their province's current 83 forest policy and the proposed policies in an iterated series of hypothetical provincial 84 referendums. Proposed policy options were associated with one of three poplar breeding 85 improvement methods that could be planted on public land, each with and without resulting 86 poplar-derived biofuels. This methodological approach permits understanding of levels of 87 acceptance between different policy options dependent on their outcomes. Specifically, 88 preferences for different poplar breeding methods will be investigated, both within and outside 89 the context of using poplar as a biofuel source. Further, understanding will be gained with 90
respect to why such policies may or may not be preferred, and which members of the public are 91 more willing to support them. incompatibility between this study and food or health biotechnology preference studies is the 98 presence of private health concerns associated with food or medicine purchase decisions, as the 99 products are to be ingested by humans. Thus, while underlying determinants of forest 100 D r a f t 6 biotechnology preferences can be informed by food-related studies, it is expected that many 101 relationships typically found in the literature may not hold in this context. 102
Only two studies have examined public perceptions of applications of genomics in 103
Canadian forestry. The first, by Harshaw (2012), examined the BC public's acceptance of poplar 104 plantations to be used as biofuel feedstock. He found that 44% of the BC public agreed with 105 large-scale poplar plantations being used to provide biofuel feedstock on private land (29% 106 disagreed, and 26% were uncertain), while only 15% agreed with replacing natural forested 107 public land with plantations aimed at biofuel production (66% disagreed, and 19% were 108 uncertain). The second study, by Hajjar et al. (2014) , gauged public acceptance of using a variety 109 of breeding methods and strategies to adapt public forests to climate change in BC and Alberta. 110
The authors found that a strong majority of the public accepted replanting local seedlings or 111 selectively breeding with local seed, while higher levels of breeding technology (genomics-112 assisted breeding and genetic modification) and breeding with non-local seeds were accepted by 113 approximately 50% of respondents. A general trend of decreasing acceptance was found as the 114 level of breeding technology increased, though the Alberta and BC publics were found to be least 115 accepting of allowing the forest to grow back naturally without replanting efforts. 
Methods
163
In order to address the gaps identified in the literature, we measure public preferences for 164 different forest policies and management practices, conditional on their predicted outcomes. This 165 method enables us to present different tree breeding options and their potential effects on society 166 to the public; measuring policy preference while taking these effects into account. 167
Questionnaire Design 169
Questionnaire design involved numerous stages of consultation with scientific experts 170 (geneticists, botanists, and forest scientists) and the general public. First, four focus groups were 171 held to assess the public's understanding of the forest and biofuel topic and to present an early 172 draft of hypothetical referendum question formats. These formats outlined attributes and impacts 173 of various policy options relative to the current public land policy involving replanting of trees. 174
Participants for all public focus groups were recruited by telephone using random-digit-dialing 175 by Advanis Inc., an Edmonton-based market research firm. Two focus groups each were held in 176
Edmonton (16 participants) and Grande Prairie, Alberta (17 participants). Next, a survey was 177 sent to a group of forestry experts to gather data on predicted changes in poplar growth rate and 178 value arising from different breeding methods. Draft scenarios for hypothetical referendums 179
were developed based on the expert estimates of increases in growth and value of poplars using 180 different breeding methods. A discussion was then held with a group of experts involved with 181 POPCAN to ensure the information provided in the questionnaire was accurate. Following 182 further reviews, a final round of public focus groups were held; two groups in Edmonton, 183 Alberta (24 participants) and two in North Battleford, Saskatchewan (22 participants). This 184 round of focus groups aimed to ensure that all elements of the questionnaire were understood, 185
and to reduce potential sources of bias. 186
After completing these phases and resulting edits to the questionnaire, a pre-test version 187 The next row of information involves how commercial public forest land is currently 212 used, and how it would change with new policies. Estimates of commercial public forest land-213 use are comprised of non-harvested land (i.e. non-protected land with no future harvest plans), 214 D r a f t and land with coniferous trees, natural poplars, and improved poplars predicted to be harvested 215 in the future. In the referendum exercise, harvested coniferous treed land was held constant for 216 the current and all proposed policies, while harvested natural poplar land referred to harvested 217 land regenerated naturally via roots and seeds of harvested poplars. 218
Current commercial forest land-use was calculated for each province using a variety of 219 sources, depending on data availability. British Columbia forest land-use was calculated using a 220 collection of 40 timber supply area analysis reports prepared by the British Columbia Ministry of 221 Predicted changes in land-use arising from allowing different breeding methods and worldwide 226 seed selection on public land were derived using simulation results from Anderson et al. (2012) . 227
All policies used in the referendum exercise assumed an equal annual-allowable-cut (AAC), 228
implying that the same volume of timber is harvested in each scenario. Technically, higher tree 229 growth rates could imply a higher AAC instead of leaving some areas un-harvested, but a 230 constant AAC is assumed to avoid confounding the area planted to genetically improved poplars 231 with different tree breeding methods. 232
The referendum scenarios ( To avoid overwhelming respondents with excessively complicated scenarios, we aimed 249 to keep the voting exercises simple and limited the number of new policies. Thus, while it could 250 be informative to allow land-use, impact on industry, and changes in carbon emissions to freely 251 vary in the policy choices, these attributes were considered to be strictly correlated with the 252 breeding method and biofuel production attributes. Since only two policy attributes of the five 253 listed in the hypothetical referendums freely vary (breeding method and biofuel production), 254 only the importance of these attributes can be analyzed using a choice model (see the 255 econometric methods section below). In order to gather information on other policy attributes, 256 respondents were asked to indicate how important each policy attribute was when deciding on 257 D r a f t their vote choice using a five-point Likert-type item (with options not at all important, not 258
important, neutral, important, and very important). 259
Policy attribute levels associated with each policy for each province are listed in Table 1 . 260
Policy attribute levels associated with each policy for each province are listed in Table 1 . Given 261 the simple design where, in essence, only two policy attributes (one with three levels and one 262 with two levels) varied with other attributes correlated with the combination of the two, a full 263 factorial design was employed, meaning that each respondent was presented with all of the 264 possible combinations of the two varying attributes (N=6). These referendum scenarios were 265 presented to each respondent in a randomized order to reduce the potential for ordering effects. 
Econometric Methods 291
Economic theory posits that individuals seek to maximize utility, and will therefore 292 choose the policy that makes them best off. Equation 1 represents the binary choice model for 293 respondent n evaluating choice m. With a binary dependent variable, where the observed choice 294 ‫ܥ‬ = 1 implies a vote in favor of a proposed policy, and ‫ܥ‬ = 0 implies a vote for the current 295 policy, ܷ then denotes the latent utility associated with voting in favor of a proposed policy 296 over the current policy. 297
where ‫ܥ‬ = 1 if ܷ > 0, and ‫ܥ‬ = 0 otherwise. 298
In equation 1, ܺ is a vector of respondent-specific characteristics, ܲ is a vector of 299 policy-specific variables, ߙ, ߚ, and ߛ are estimated coefficients, and ߥ is a mean-zero, 300 normally distributed error term. ‫ܥ‬ is the observed vote choice of respondent n evaluating vote 301 D r a f t m, and is expected to equal one if ܷ is positive, and zero otherwise. That is, it is predicted that 302 a respondent will vote in favor of a new policy if the act grants them positive utility, and will 303 vote in favor of the current policy if a vote for the new policy grants negative utility. 304 Equation 1 is estimated using a binary probit model. Since there are six responses per 305 respondent, it is expected that error terms of the responses for each person will be correlated. To 306 address this issue, a robust cluster-corrected Huber-White sandwich estimator is employed 307 (Huber 1967; White 1980), which allows for ߥ to be correlated for each cluster n, but assumes 308 each cluster of error terms are uncorrelated with one another. 309
Results & Discussion
310
Sample and population demographics are outlined in Table 2 . Sample sizes vary by 311 province because of differing population sizes and according to the ability of Ipsos to secure 312 participants while maintaining representativeness with respect to age, gender and 313 location/population centre. Females were slightly over-sampled relative to males in all provinces. 314
In AB and BC, large cities (population greater than 100,000) were under-sampled, while small 315 and medium cities were somewhat over-sampled. Samples and populations are very similar for 316 MB and SK with respect to population centre sizes. In general, all samples have higher post-317 secondary education rates than their respective populations. However, it is likely that population 318 education rates are slightly higher than listed, as the population data refers to all Canadian 319 residents over 15 years of age, whereas our sample is based on individuals over 18 years of age. 320
Most respondents took between 15 and 30 minutes to complete the survey, and one observation 321 was dropped for completing the survey in what we judged to be too quickly (less than 10 322 minutes). Results from two probit models, one using all responses and one only using very certain 358 responses, are listed in Table 3 . In both models, the observed dependent variable equals 1 if the 359 respondent voted in favor of the new proposed policy, and 0 if the current policy was chosen. 360
The models provide statistical tests to differentiate between vote totals presented in Figures 2 and  361 3, and also provide insights on how respondent-specific variables affect voting likelihoods The general lack of significant differences between no BF policy scenarios may be due to 387 tradeoffs associated with policies. . It is assumed that the increased risk and uncertainty of 388 applying biotechnology applications are inherently represented by the breeding method and seed 389 source (worldwide) attributes. However, these risks were also packaged with increased benefits. 390
Thus, it seems that members of the public are weighing the increased risks and benefits of 391 proposed policies relative to the current policy, and evaluating how these factors affect their 392 utility when choosing their preferred policy. 393
Wald tests were used to test the effect of using poplars as a biofuel source on policy 394
preferences. For each model, tests were conducted with the null hypothesis that the coefficients 395 for the no BF and + BF policies for each breeding method are equal (e.g. equality between 396
Genome no BF and Genome + BF coefficients). In every test, the null hypothesis was rejected at 397 the 99% confidence level, implying that the use of poplars as a biofuel source significantly 398 increases public preference for the application of forest biotechnology on public lands. That is, 399 biotechnology is perceived as being more palatable if combined with an environmental benefit. 400
Other studies have similarly shown that preferences or willingness to pay for non-food products 401 increase in light of environmental benefits or reduced carbon footprints (Michaud et McFarlane's study examined perceptions of risk to forest biodiversity with minimal focus on 442 biotechnology, while GM food studies involve respondent considerations private health effects. 443
A number of reasons could lie behind the provincial differences in voting behaviour. 444
Forest composition and the economic contribution of the forest industry is quite different across 445 the provinces. For instance, the BC forest industry harvests more than 3 times the timber volume 446 than AB in a typical year, and more than 10 times the volume harvested by SK or MB (Natural 447
Resources Canada 2009). These differences are reflected, to some degree, in the differing 448 questionnaires provided in each province, and are therefore part of the estimated policy impacts 449 that rely on current situations in each province. To investigate these provincial differences, Table  450 4 lists mean ratings of the importance of forest policy attributes on a 5-point scale (1 = not at all 451 important, 5 = very important) by province. Differences in importance ratings between provinces 452 were tested using Kruskal-Wallis tests (Kruskal & Wallis 1952). Significant differences were 453 found between provinces in importance ratings for breeding method, seed source, and the 454 policy's impact on land-use change (increase in non-harvested area). More specifically, BC 455 D r a f t 22 residents, who were least likely to vote in favor of change, placed a significantly higher emphasis 456 on seed source and breeding method, while Albertans, who were most likely to vote in favour of 457 change, placed a significantly higher emphasis on changes to land-use. 458
Conclusions
460
This study examined public opinion of using poplars developed via genomics-assisted 461 breeding to be used as biofuel feedstock in British Columbia, Alberta, Saskatchewan and 462
Manitoba. Six new policy scenarios for each province were presented to respondents that 463 considered the use of three different breeding methods (traditional selective breeding, genomics-464 assisted breeding, and GM), each with and without poplars being used for biofuels. We employ a 465 choice experiment to provide alternative outcomes to policy scenarios and to investigate 466 Responses are different for segments of the population, but these differences do not 488 greatly influence choices. Attributes that increase the probability of acceptance are: being a male, 489 being from Alberta, and being from a population centre of 10,000-100,000 people (relative to 490 centers > 100,000). Attributes that decrease the probability of acceptance are age, being from 491
British Columbia, and being from a population centre of < 10,000 (relative to centers > 100,000). 492
Differences between provinces may arise due to two key reasons. First, the composition and 493 importance of the forest industry varies greatly across the western provinces. These differences 494 also resulted in different hypothetical referendum scenarios being presented in each province. 495
Second, the residents of each province placed different levels of importance on different policy 496 attributes. Specifically, BC residents, who were most opposed to forest biotechnology 497 applications on public land, placed the highest emphasis on seed source and breeding method. In 498 contrast AB residents, who were most in favor of using biotechnology on public lands, thought 499 that changes in land use were important aspects of policies. 500
Although results are somewhat similar between the all responses and very certain models, 501 substantial ambiguity remains in understanding public approval of genomic-assisted breeding in 502 D r a f t 24 Canada. This ambiguity may arise due to the complexity involved with the variety of impacts 503 associated with changing policies. Despite our approach, which indicate specific attributes of 504 policy changes, there may be an underlying lack of understanding of what a forest policy 505 allowing genomic-assisted breeding on public land might look like, due to the variety of other 506 policy attributes and forestry practices that must change to allow genomic breeding programs. 507
Nonetheless, our results indicate that the public is highly responsive to policy outcomes, whether 508 good or bad, so gaining a better understanding of how applications of genomics in forestry may 509 impact society should allow for more clarity in understanding public preferences. assisted, and genetic modification) and biofuel (BF) production over the current provincial 657 policy situation in Alberta, British Columbia, Manitoba, and Saskatchewan. 658
